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Introduction
At RAN #86 in December 2019 a work item for NTN was agreed (RP-193234,[1]). The normative activities include development of specifications for transparent payload-based LEO. In this document we discuss aspects related to DL-UL timing relations for NTN operation of NR. During RAN1#105-e this topic was discussed, and the following agreements and decisions were reached:
Agreement:
If a UE is provided with a K_mac value, when the UE would transmit a PUCCH with HARQ-ACK information in uplink slot n corresponding to a PDSCH carrying a MAC CE command on a downlink configuration, the UE action and assumption on the downlink configuration shall be applied starting from the first slot that is after slot , where µ is the SCS configuration for the PUCCH.
Note: Here K_mac is assumed to have the unit of the PUCCH slot. This can be revisited after the K_mac signaling design is finalized. 

Agreement:
The starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. 
· The estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
Note 1: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  . The estimate of gNB-satellite RTT is equal to the sum of  and K_mac.  How to treat  and  can be further discussed.
Note 2: According to the RAN1#104bis-e agreement: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Note 3: The accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT can be further discussed.
Note 4: Other options of determining the estimate of UE-gNB RTT can be further discussed.

Agreement:
The K_offset value signaled in system information is always used for
· The transmission timing of RAR / fallbackRAR grant scheduled PUSCH
· The transmission timing of Msg3 retransmission scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI
· The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by TC-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to contention resolution PDSCH scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
· The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by MsgB-RNTI
· FFS: The transmission timing of HARQ-ACK on PUCCH to MsgB scheduled by DCI format 1_0 with CRC scrambled by C-RNTI
FFS: how to treat additional transmission timings related to fallback DCI formats 
FFS: how to update this formulation with beam-specific K_offset if beam-specific K_offset is agreed to be supported


[bookmark: _Hlk510705081]Discussion
K_offset for Fallback DCI formats
One of the items left FFS in the set of agreements from the previous meeting was the treatment for transmission timings related to fallback DCI formats (R1-2106325) [2]. 
Some of the usages for the fallback DCI format include HO operations, transition periods for RRC updates, beam recovery and others. In this case, there may be a short period where the UE specific K_offset is under update procedure or is not recognizable by the gNB (HO procedure). 
Observation 1: During a HO procedure, the fallback DCI is used, but the understanding of UE-specific K_offset may differ between source and target gNB.
Proposal 1: For Fallback DCI formats, the cell-specific K_offset, which is broadcasted in SI, should be used. 

K_offset at beam level for initial access. 
Another FFS from the set of agreements from the previous meeting was how to update the agreements, in the case the beam-specific K_offset is agreed to be used. 
Observation 2: There are drawbacks to the adoption of K_offset at beam level, to be considered, as listed:
1) Fallback DCIs and beam management/beam mobility 
2) Random Access opportunities shared by multiple beams
3) Inneficient overhead

These items are further explained as follows. First and foremost, the K_offset broadcast on SI is not only used in the initial access, as many companies agreed in the previous meeting, there are other usages for the UE agnostic offset. As an additional example, in this document we argued in favor of the Cell Specific K_offset for fallback DCI for a UE in connected mode. If the beam-specific model is adopted, instead of the cell-specific, some ambiguity may ensue. The procedures for beam management and beam mobility are not specifically designed that they can avoid ambiguity. For example, the UE is responsible to measure reference signals and send feedback to the network. But it is uncertain at what point both nodes have the common understanding of a switch in the DL beam, which can create ambiguity in what beam should be considered by the UE to read the beam-specific value from. 
Also, for number 2) in our list of drwbacks to consider, the management of RA opportunities will become increasingly complex if beam-specific K_offset is adopted. The specifications allow that the same RA occasions are commonly shared across multiple beams. But there is a predetermined logic that assign beams indexes and RA occasions. If the beam-specific k_offset is used, in order to avoid that two UEs attempting the same RA occasion have different understanding of k_offset when submitting Msg3, there may not be UEs with different K_offset assigned to the same RA occasion. This restriction makes it increasingly more difficult to manage RACH occasions and beam assignment.
For the overhead caused by the beam-level assignement of K_offsets, even if extreme scenarios are considered, there is a significant amount of redundancy for K_offset across multiple beams:  assuming a very large coverage area of approximately 1700 km diameter for a satellite at a height of 600 km with the smallest slot duration, i.e., the SCS of 120 kHz, is covered by only one cell with multiple beams, and using a very extreme design, at most 13 values of offset are needed to cover such area. It means that in a list of potentially 64 beams, there will be significant repetition of same K_offset across multiple beams [3]. 
Proposal 2: For initial access, only cell-specific K_offset is provided.
K_offset Signalling
With respect to the signalling of K_offset, during the FL discussions in the previous meeting, two options were presented: 
· Option 1: Signal one offset value for K_offset	
· Option 2: Signal a first offset value and a second offset value. K_offset is equal to the sum of the two offset values
For both options, we agree with the rapporteur observations on this topic which was presented in the feature lead summary and repeated here for convenience:
· The signaling overhead saving in Option 2 vs. Option 1 is only about 1 bit.
· The ~1-bit saving might appear free, but comes at the cost of many disadvantages (more complexity for UE, more specification impact, more sources of inaccuracies, scheduling restriction, etc.)
Therefore we propose:
Proposal 3: RAN 1 to adopt one single offset value for K_offset to be signaled. 

Providing K_offset Cell level signalling with early update
As an alternative, that do not present the same drawbacks from the case above, there is a intermediate solution where the gNB may be able to signal or indicate an early update for the UE-specific K_offset, while the cell-specific K_offset is indicated through the SI. The value of K_offset that the UE should apply may be provided during the random access procedure. That is, by using the information content in Msg2 (the Random Access Response) to indicate which K_offset to apply for the transmission of Msg3 during the random access procedure. According to Section 6.2 in [4], the Random Access response is formed by 7 octets as depicted in Figure 2. This is a succinct format which does not contain any space left for additional signaling.
Therefore, in order to be able to indicate the K_offset to use for Msg3 transmission, we would most likely have to apply implicit signaling of the K_offset value using the existing fields. As the timing advance command is intended for compensation of the time misalignment, this cannot be utilized for additional indication related to K_offset. However, there are other fields that are under the gNB control and may potentially be used for this purpose:
a) Option A: the frequency allocation in the UL grant 
b) Option B: the time allocation in the UL grant
c) Option C: the temporary C-RNTI.  
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[bookmark: _Ref65839140]Figure 2. Random Access Response content [1]
The frequency allocation in the UL grant is defined by 14 bits and follows the procedure described in clause 6 in [3]. The 14 bits are mapped into a RIV (resource indication value), a unique number that defines the starting resource block () and the length of the allocation (). To maintain the RAR format constant, regardless of the bandwidth, the 14 bits are kept for all bandwidth sizes. 
The frequency allocation for the RAR may be used to convey a differential K_offset, if the system bandwidth is split into parts associated with different frequency offsets. For example, consider a scenario, where the K range has to be expanded to allow up to 6 slots of K_offset. One way to achieve that is to assign a different offset for different  positions, as depicted in Figure 3. In this example:
· K_offset 1 = 0 slot
· K_offset 2 = 1 slot
· K_offset 3 = 2 slots on;
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[bookmark: _Ref68592867]Figure 3 Example of Frequency Domain Assignment of TA offsets.

By knowing the position of the  the UE can thereby directly determine the K_offset to be applied in addition to the K_offset in the SIB, providing more flexibility to the user. Thus, it is the  which implicitly defines the K_offset.
Conversely, a similar proposal may be made for the time allocation information which is present in the RAR. 
Observation 3 : Providing K_offset in the frequency (or time) domain allocation provided in the UL Grant of the RAR message require small signalling overhead in SIB: number of partitions and offset between consecutive partition in number of slots. 
Observation 4 : Providing K_offset in the frequency (or time) domain allocation allows for much more flexibility than Beam Level allocation, as it can be UE-specific already from Msg3 in the Random-Access Procedure
Proposal 4: RAN 1 to consider implicit signalling of differential K_offset in the time/frequency values of the UL scheduling in the RAR as an alternative to explicit NR-beam level signalling in the SI.
Another possibility is to convey a differential K_offset implicit in the Temporary C-RNTI. The temporary C-RNTI, assigned by the RAR, can assume hexadecimal values in the 0001–FFEF ([4] Table 7.1-1). It is possible to define subsets of this range of values to different K_offsets. 
Proposal 5: RAN 1 to consider implicit signalling of differential K_offset in the temporary C-RNTI in RAR as an alternative to explicit NR-beam level signalling in the SI.

K_offset updates
For GEO satellites, updates in K_offset may rarely be required, as the coverage area on the ground is virtually unchanged over time. For UE-specific K_offset, the mobility of the UE is the main driving factor for K_offset updates. This can be evaluated assuming a very extreme scenario, where a UE travels at 1000 km/h, close to the edge of the coverage area, and the adoption of 120 kHz SCS in FR2. The slot duration in this scenario is 0.125ms, whereas the doubled variation of the delay is approximately 1.85 us/sec. This means that more than a minute is required for twice the delay variation to exceed a slot duration. Even if the UE specific K_offset is designed with minimum operational margin, in an extreme scenario, the update rate required for K_offset is no faster than once every minute. In most practical scenarios, the update rate will be much slower. For extreme scenarios, more conservative UE specific K_offsets may be set. 
Observation 5: For a GEO scenario, updates in cell-specific K_offset are very rare; whereas updates in UE specific K_offset is very infrequent (once every minute for extreme scenarios, with minimum design margin). 
For LEO applications, the delay variation is mostly caused by the satellite mobility which drives the round trip time to vary for all UEs within reach of the coverage area. In the worst case, i.e. close to the cell edge, for a LEO satellite at 600 km, the variation of the delay is expected to be approximately 93 us/s [5] in the transparent architecture. 
Table 1 Delay variation for different subcarrier spacing configurations.
	Delay variation (2x)
	SCS [kHz]
	Slot Duration [ms]
	Time for 2xDelay variation to exceed  slot duration (worst-case) [s]

	

+/- 186.0 µs/sec
	15
	1
	5.4

	
	30
	0.5
	2.7

	
	60
	0.25
	1.34

	
	120
	0.125
	0.67



Observation 6: For a K_offset set with minimum accuracy, i.e., 1 slot, for a LEO satellite at 600 kms, in the worst case (transparent architecture, cell edge), K_offset update is required once every [0.7 5.4] s, depending on the SCS.
At the largest the SCS, the more conservative needs to be the setting of the K_offset, in order to minimize the update rate. For UE-specific K_offset, which tends to be optimized for the UE in relation to the full cell K_offset, more frequent updates will be required. 
Because of the potential relative frequent update rates for the K_offset value, it is important to convey it in an efficient manner, such as the MAC-CE updates. Moreover, there are advantages for choosing the MAC-CE over RRC. The first advantage is that MAC-CE has a definite timing for applying the settings that is commonly understood between gNB and UE, which is not the case for RRC reconfigurations. As such, during the RRC transition period, the gNB must resort to fallback DCIs, that will be frequently be in use for NTN UEs. Moreover, RRC messages may convey several parameters. If, by any reason, one of the parameters cannot be set by the UE, all the RRC configuration is to be ignored. 
Observation 7: The usage of MAC-CE over RRC for K_offset updates provide several advantages, such as in-sync transitions in time for the new configuration, less prone to errors in configurations, and more efficient in terms of overhead.
Proposal 6: RAN1 to adopt MAC-CE as the baseline mechanism for K_offset update.    
UE TA Reporting
In order to update the UE-specific K_offset, the gNb will need assistance from the UE. As it is important to identify the delay variation observed by this UE (because of UE and gNB movements) in time to prevent failures due to a too-short “time-to-react” to uplink commands. The main metric that can be used to assist the gNb is the timing advance (TA).
However, there are certain caveats to using direct TA reporting by the UE. 1) The TA applied at the UE varies constantly, which can lead to a burst of reporting by the UEs. 2) Following UEs specific TAs for very long periods and through multiple orbits may lead to disclosing the UE position – especially for stationary devices. Therefore, a rough TA reporting is preferred. 
There are alternatives for UE TA reporting that can both minimize the K_offset overhead, such as UE rough reporting of TA or trigger based reporting. 
Proposal 7: RAN 1 to consider alternatives to minimize the TA reporting.
In any case, we support that there might be two events for UE reporting of coarse TA: trigger event on the UE side and network request. 
Proposal 8: RAN 1 to consider both trigger event on UE side and network request as mechanisms to trigger UE coarse reporting of TA.

PDCCH Ordered RACH
Following up discussions initiated on last meeting, we believe all RACH triggers must be available for NTN, including PDCCH ordered RACH. In the specifications, there are multiple reasons to trigger a PDCCH ordered RACH, including loss of synchronizations and beam recovery. Especially, the loss of synchronization status may be reached when the Time Alignment Timer expires.  
In this case, the network is not able to guarantee there is a common understand of timing between UE and gNB. If the TA estimation by the gNB is not the same as current observed by the UE, the “next available RACH opportunity” may not be the same. Therefore, and also for safeguarding for processing times, the common K_offset should also be considered for PDCCH ordered RACH. Moreover, we see no downside in implementing the common K_offset for the PDCCH ordered RACH. 
Proposal 9: The common K_offset value shall be used also for the PDCCH ordered RACH.

Conclusion
In this contribution we have presented our observations and proposals related to DL-UL timing relationship for NTN systems. These are as follows:
Observation 1: During a HO procedure, the fallback DCI is used, but the understanding of UE-specific K_offset may differ between source and target gNB.
Observation 2: There are drawbacks to the adoption of K_offset at beam level, to be considered, as listed:
1) Fallback DCIs and beam management/beam mobility 
2) Random Access opportunities shared by multiple beams
3) Inneficient overhead
Observation 3 : Providing K_offset in the frequency (or time) domain allocation provided in the UL Grant of the RAR message require small signalling overhead in SIB: number of partitions and offset between consecutive partition in number of slots. 
Observation 4 : Providing K_offset in the frequency (or time) domain allocation allows for much more flexibility than Beam Level allocation, as it can be UE-specific already from Msg3 in the Random-Access Procedure
Observation 5: For a GEO scenario, updates in cell-specific K_offset are very rare; whereas updates in UE specific K_offset is very infrequent (once every minute for extreme scenarios, with minimum design margin). 
Observation 6: For a K_offset set with minimum accuracy, i.e., 1 slot, for a LEO satellite at 600 kms, in the worst case (transparent architecture, cell edge), K_offset update is required once every [0.7 5.4] s, depending on the SCS.
Observation 7: The usage of MAC-CE over RRC for K_offset updates provide several advantages, such as in-sync transitions in time for the new configuration, less prone to errors in configurations, and more efficient in terms of overhead.

Proposal 1: For Fallback DCI formats, the cell-specific K_offset, which is broadcasted in SI, should be used. 
Proposal 2: For initial access, only cell-specific K_offset is provided.
Proposal 3: RAN 1 to adopt one single offset value for K_offset to be signaled. 
Proposal 4: RAN 1 to consider implicit signalling of differential K_offset in the time/frequency values of the UL scheduling in the RAR as an alternative to explicit NR-beam level signalling in the SI.
Proposal 5: RAN 1 to consider implicit signalling of differential K_offset in the temporary C-RNTI in RAR as an alternative to explicit NR-beam level signalling in the SI.
Proposal 6: RAN1 to adopt MAC-CE as the baseline mechanism for K_offset update.    
Proposal 7: RAN 1 to consider alternatives to minimize the TA reporting.
Proposal 8: RAN 1 to consider both trigger event on UE side and network request as mechanisms to trigger UE coarse reporting of TA.
Proposal 9: The common K_offset value shall be used also for the PDCCH ordered RACH.
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